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Introduction. 

Vacuum  ultraviolet  is  called  the  optical  andssion  with  a  wave  length, 
of  from  I85O  S  to  aeveral  angstrem  units,  filling-in  in  the  scale  of  electrcmagnetie 
waves  the  interval  between  ordinary  ultraviolet  and  the  zone  of  soft  x-rays,  Ftoa 
the  viewpoint  of  suitability  to  excite  vacuum  ultraviolet  all  optica  emission  sources  can 
be  divided  into  the  following  groups < 

1)  sources,  principally  unsuitable  for  this  purpose  (e,g»  all  types  of  Incandescent 
tubas,  because  their  temperature  is  totally  insufficient,  as  to  give  a  notieeble 
emission  in  the  interesting  us  zone  of  the  spectrum)| 

2)  sources,  not  used  until  now  for  vacuum  spectroscopy  purposes,  but  principally 
suitable  for  this  purpose  (activated  AC  arc, particularly  in  spark  regime^l"^  ,  hl.gh 
freijuency  spark [2j,  this  and  another  in  an  atmo^here  transparent  for  vacuum  ultra¬ 
violet  gas  -  nitrogen,  hydrogen  or  helium.  The  spectrum  in  this  case  is  always  lindieJ 

by  the  shortwave  transparency  maximum  of  the  gas  used^^  )f 

3)  sources,  which  are  for  operation  in  vacuum  as  well  as  in  other  zones  of  the 
spectrum  (DC  arc  and  condensed  spark  in  an  atmo^ere  transparent  for  vacuum  ultraviolet 

[4-7],  as  wall  as  various  types  of  low  pressure  gas  discharge!  glowing,.  are,hiedi 
frequency  electrodeless  discharge,  discharge  with  hollow  cathode  ^-1^  )l 

4)  Sources,  specific  for  vacuum  spectroscopy  (vaccum  arc^,  1^,  vacuum  spark 
ISJ,  condensed  discharge  in  eapillar^9-2i^.  In  resent  years  was  obtained  and  ueed 
for  vacuum  spectroscopy  a  sliding  spark  in  Tacuumj22,23^  )l 

5)  a  powerful  source  of  a  continuous  spectnm  in  vacuiua  ultraviolet  appears  to  ha 
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the  emission  of  electrons  In  the  synchrotron,  whan  their  energy  reaches  hundreds  of 
millions  of  electron-Tolts|^22j,25j»  In  this  report  are  giren  results  of  inTestigatioas 
inrolTlng  the  creation  of  new  low  Toltage  sources  of  Tacuum  ultraTiolet* 

Vacuum  Are 

Vacuum  are,  a  DC  arc,  burning  in  rapors  of  electrodes,  placed  in  evacuated  space, 

was  used  for  the  excitation  of  spectra  preferably  on  the  early  stage  of  development 

of  VBCUimi  spectroscopy |l4i26-28^.  In  this  source  are  excited  spectra  of  neutral  and 

once  ionized  ataais|29j,  The  vacuum  arc  gives  quite  narrow  lines^j  and  that  is  why  it 

was  used  in  investigations  on  accurate  determination  of  wavelengths  of  spectral  li- 

niBs|30j,  The  featiires  of  the  phenomena  observed  in  vacuum  arc  compel  to  assume, that 

it  is  substantially  distinguished  by  the  nature  of  the  elementary  processes  talcing 

place  in  it  from  the  electric  arc,  burning  In  a  gaseous  medium,The  sole  source  of 

the  material  for  maintaining  the  discharge  is  the  cathode, whicK/principally  destroy 

on  the  anode  ^ 

ed  in  the  process  of  operation.  At  the  same  time  the  liberation  of  ener^Yis~many~^i 
:..ea  greater  than  its  liberation  on  the  cathode.  Specially  conducted  experiments  show¬ 
ed,  that  in  vacuum  arc  from  the  cathode  comes  out  a  stream  of  particles  of  enormous 
velocity  -  more  than  10^  cav'sec^l^.  Such  velocity  cannot  be  explained-  by  the  high 
temperature  of  the  cathode  spot,  because  the  latter  is  totally  in  sufficient  Tea  this 
As  shown  by  experiments  with  introduction  into  the  discharge  space  of  a  third 
electrode-collector  ^Ij,  the  particles  flying  out  from  the  cathode  have  a  negative 
charge j  it  was  possible  to  almost  fully  collect  same  in  this  collector  (plate), feed¬ 
ing  to  it  a  1000  V  potential  positive  with  respecljto  the  arc  electrodes. 

To  produce  a  simple*  reliable  and  safe  in  handling  source  of  vacuum  ultraviolet, 
we  carried  out  a  series  of  experiments  with  DC-vacuum  arc,  Itolybdenum  glass  was  used 
to  prepare  a  special  discharge  tube,  the  arrangement  of  which  allowedjhy  turning  a 
slide  to  very  smoothly  change  the  distance  between  the  electrodes.  The  electrodes 
were  fed  a  constant  voltage  of  220  T,  After  many  efforts  to  obtain  a  continuous  hot 
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at  low  currents  (5-10  amp)  yacuum  arc  we  arrived  at  a  conclusion, that  for  its  stable 
burning  in  case  of  using  electrodes  from  material  with  high  molting  point  a  strong 
local  heating  of  the  cathode  is  needed. 

Thanks  to  relatively  low  heat  conductivity  and  very  hi^  molting  point  strong  local 
heating  can  be  easily  attained  on  a  carbon  cathode.  The  high  temperature  of  the 
cathode,  apparently,  plays  a  double  role  in  maintaining  the  discharge:  a)  it  aids  in 
evaporation  of  cathode  material,  b)  assures  greater  thermionic  emission.  Since  the 
role  of  the  enode  in  the  discharge  is  insignificant,  it  Is  faced  by  only  one  require¬ 
ment  -  it  should  be  a  conductor  of  electricity. 

In  our  eocperiments  the  discharge  tube  was  evacuated  to  a  pressure  of  10”^  -  10"^ 
mm  Hg.  The  arc  was  ignited  by  smoothly  separating  the  initially  adjoining  electrodes. 

The  current  in  the  arc  was  5“7  anip.  Arc  burning  as  result  of  heating  the  electrodes 
and  the  liberation  of  gas  from  them  connected  with  it  was  acccmpanyled  by  a  rise  in 
pressure  in  the  discharge  tube,  which  in  tairn  led  to  ignition  of  the  arc  gas  discharge* 
Consequently  before  each  experiment  the  electrodes  were  degasified  by  heating  same 
with  the  aid  of  the  very  same  vacuum  arc.  At  the  time  of  arc  buridng  under  the  effect 
of  strong  bcmbardment  with  particles  coming  out  from  the  cathode  the  anode  be canes 
rapidly  heated,  copper  or  iron  anode  weighing  about  5  g»  attached  to  a  molybdenum 
inlet,  it  transforms  quite  rapidly  into  a  droplet  of  molet  metal.  An  increase  in  dis^ 
tance  between  the  electrodes  enabled  to  attain  a  voltage  drop  on  them  to  80  v,  whereby 
the  tungsten  anode  (rod  withpf^ of  2  mm)  glowed  blindingly  bright,  its  temperature  was 
close  to  the  melting  point,  and  the  edges  melted,  away, (Flashed  off)  . 

And  so,  a  stable  vacuum  arc  at  low  currents  (5~7  amp)  can  be  obtained  between  the 
carbon  cathode  and  the  anode  fron  any  given  high  melting  material  by  smoothly  sepa 
rating  initial  contiguous  electrodes.  It  must  also  be  mentioned,  that  a  DC-vaouum 

arc  burns  stably  in  vapors  of  zinc,  antimony  or  any  other  easily  melting  metal,  the 

this/ 

latter  is  introduced  for/^”’  purpose  into  the  depth  in  the  cathode  made  of  a  a  bi£^ 
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molting  material,  e.g,  steel  filling  burns  out  rapidly,  and  the  flask  of 

Bourca  is  coated  vith  a  layer  of  evaporized  metej,-  Such  an  arc  is  less  suitable  for 
long  lasting  exposures. 

Arc  Activated  in  Vacuum 

# 

We  made  an  effort  to  utilize  a  vacuum  activated  arc.  For  this  on  the  basis  of  a 
step-up-transformer  NOM-10  (10  kv,  ijOO  w)  by  the  ordinary  arrangemmt  of  Ovetnitskiy 

ectivator^^  assembled  a  high  frequency  - -generator.  It  generated  a 

high  voltage,  sufficient  to  pierce  the  interelectrode  space  within  a  fraction  of  a 
millimeter  in  high  vacuum,  very  same  discharge  tube  was  used, as  in  experiments 
with  DC-are.  The  tube  was  vacated  to  a  pressure  of  10”^  mm  Hg,  To  feed  the  basic  cur¬ 
rent  componaTrt  of  the  discharge  on  electrodes  (metallic  or  carbon)  a  220  v  AC  voltage 
was  supplied. 

If  the  distance  between  electrodes  was 
sufficiently  small,  a  weak  little  spark 

-zzo6 

appeared-  resultof  piercing  the  interelec- 

trode  interval  by  the  voltage  from  the  HF  Fig,l*Electric  circuit  diagram  of  activa4e<l 

DC  arc  in  vacuum  (F-discharge  tube), 

generator,  tut  this  was  not  aceonpanled 

with  ignition  of  the  arc.  But  in  the  presence  of  a  sufficient  thermionic  emission  frcm 
the  cathode  (carbon,  intensely  heated  cathode)  the  imposition  of  HF  voltage  from  the 
standard  PS-39  generator  on  the.  electrodes  at  interelectrode  intervals  of  1  -  2  mm 
assured  reliable  ignition  of  the  DC  vacuum  arc.  Power  for-  and  ignition  of  the  arc 
was  realized  in  accordance  with  the  arrangement  shown  in  fig.l.  Preheating  of  the 
cathode  was  attained  in  the  DC  vacuum  arc,after  which  by  cutting  off  the  juice  the 
arc  died  out,  DC  voltage  was  again  cut  in  and  the  arc  “reignited"  by  connecting  the 
activator.  Ftot  this  experiment  ccmes  a  conclusion  that  it  is  possible  to  igixite  an 
activated  AC  arc  in  vacuum  between  preheated  carbon  electrodes.  We  maie  an  effort,  ana¬ 
logous  to  the  above  described,  connecting  to  iieated  in  a  DC  vacuum  arc  carbon  elee- 
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trodes  a  voltage  fron  the  PS-39  or  DG-1  generator.  But  we  have  not  succeeded  in  ob¬ 
taining  in  this  way  an  AC  vacuum  arc.  Evidently,  not  every  HF  teaii|:an  cause  ignition 
of  the  arCj  consequently  the  cooling  of  electrodes  is  much  faster, than  is  permissibl*. 
to  extend  the  operation  of  the  source* 

Upon  rapid  separation  of  electrodes  to  a  distance  of  2-3  mm  and  at  low  currents 
(5-7  aiD^p)  the  vacuum  arc  between  carbon  cathode  and  metallic  anode  burns  unstably, 
the  cathode  spot  shifts  continuously  over  the  entire  surface  of  the  cathode, tho  arc 
is  often  extinguished.  But  the  application  of  an  HF  coDponent  according  to  scheme  in 
fig.l  leads  to  stabilization  of  the  discharge,  the  cathode  spot  localizes  only  in 
the  frontal  surface  of  the  cathode,  turned  toward  the  anode. BUch  an  arc  can  1x1X7) 
uninterruptedly  for  a  period  of  miQr  minutes. 

To  work  with  an  activated  DC  vacuum  arc 
was  prepared  a  special  discharge  tube  ,a  schema 
f  drawing  of  which  is  given  in  flg.2. 

The  tube  has  two  glass  slides  and  a  window 
(5)  situated  at  a  distance  of  about  100  mm 
from  the  electrodes,  for  observation  of  the 
discahrge.  The  stopper  of  one  of  the  slides 
is  tipped  with  a  soldered  in  copper  ■tumbler* 
(2)  to  which  the  anode  is  attached  (l)  with 
holder  (4)  cooled  with  water  or  cccipr eased 
air.  Cathode  (6)  is  attached  to  a  molybdenum 


Fig.2*Discharge  tube  for  activated 
vacuum  arc 


inlet,  soldered  in  in  the  second  slide,  and  has  no  special  cooling.  Voltage  to  the 
anode  is  fed  through  the  molybdenum  inlet, 

A  change  in  distance  between  the  electrodes  is  attained  by  turning  the  slideij^^ 
with  which  tho  cathode  is  connected,  on  account  of  eccentrical  fastening  tho  latter 
relative  to  the  axis  of  rotation.  The  arc  is  ignited  by  bringing  the  electrodes  to 
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the  point  of  contact*  The  discharge  tube  has  attached  itself  to  the  vacuum  spectrograph 
Iirs6  with  the  aid  of  a  flexible  connection  (7)  |^3^»  which  assure  reliable  vacuiaa 
contact  of  the  tube  with  the  instrument*  it  can  be  easily  disassembled* 


J’ie*3»2tttlssion  spectrogram  of  DC-vocuum  arc  with  carbon  cathode 
It  does  not  appear  to  be  absolutely  rigid  and  allows  within  she  11  limits  to  shift  the 
source, which  is  necessary  for  the  adjustment  of  the  latter,  Vo  obtained  a  number  of 
emission  spectrograms  of  a  DC  vacuum  arc  with  carbon  cathode,  activated  an  non-acti- 
vatod.  One  of  these  is  shown  in  fig,3«  On  the  basis  of  obtained  material  it  is  possiblu, 
to  conclude,  that  in  this  arc  is  excited  exclusively  the  material  of  the  cathode- 
carbon,Upon  introduction  into  the  depression  in  the  cathode  of  variwis  metals  (?e,Cu* 

I'lo,  W)  it  was  also  impossible  to  obtain  a  total  spectrum  of  same* 

Contact  Spark 

To  reduce  the  selective  nature  of  excitation  in  a  vacuum  arc  and  raise  its  tem> 
perature*,  we  assembled  an  electric  scheme,  allowing  to  pass  through  the  arc,by  dis¬ 
charging  capacitor  batteries,  higher  current  pulses.  An  analogous  idea  has  been  re¬ 
alized  by  I,I,LevintOT^4^  with  respect  to  a  DC  arc  in  the  air.  In  contrast  to  thlSj 
we  used  one  and  the  same  source  of  voltage  to  feed  the  arc  and  to  charge  the  capaci¬ 
tors,  The  arrangement  had  a  mechanical  double  threw  switch,  with  the  aid  of  which 
the  battery  of  capacitors  with  a  capacity  of  90W  f  vas  charged  periodically  to  a  vol¬ 
tage  of  220  T  and  then  connected  to  discharge  tube  electrodes  which  through  the  bal¬ 
last  resistance  were  connected  to  the  very  same  source.  It  was  revealed  during  the 
first  connection  of  this  system  that  the  source  can  also  function  without  the  constant 
current  component  1  upon  connection  to  contacting  electrodes  (one  of  which  was  a  carl 
bon  one)  of  a  charged  capacitor  and  a  spark  flickered  at  the  point  of  theiJr  contact. 

The  spark  flickered  on  for  several  times  -  sometimes  several  hundred  times-  without 
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any  electrode  control*  It  vas  later  established i  that  this  was  connected  with  the  spring 
attachment  of  electrodes.  In  case  of  rigid  attachment  of  electr6deB  with  respect  to 
each  other  at  the  point  of  their  contact  originates  only  one  discharge  p«lsa, after 
which  a  hardly  noticeable  gap  is  formed  between  them,  for  the  piercing  of  which  the 
voltage  used  by  us  was  found  to  be  insufficient. 

In  fig»4  is  shown  the  final  electric  power  diagram  of  the  new  spuJce  used  by  us 
which  we  intend  on  calling  "contact  spark", 

(K,I),  This  scheme  coincides  principally 

with  generalizdd  schema  introduced  by  B,  _ _ 

Fig,4»Elec't;ric  aiagram  of  "contact  spark" 

R.Lezarenko  for  electrospark  treating  of  (K-mechanical  switch,  F-discharge  tube), 
metals  |33,  36j,  differing  from  it  by  the  presence  of  a  ballast  resistance  R, which 
we  connected  to  limit  the  initial  value  of  the  charger  current  for  the  battery  of  hig^ 
capacity  capacitors. 

The  basic  quality  of  the  K,I,(contact  spark)  is  seen  by  us  in  the-  fact,  that  it 

is  suitable  for  excitation  of  spectra  in  vacuum  ultraviolet  zone:^  it  can  wcark  in  high 

-2 

vacuum,  as  well  as  in  relatively  poor  rarefaction,  at  a  pressure  of  10  man  Hg  and 
even  higher,  whereby  in  the  Schumann  zone  are  not  excited  the  bands  of  molecule. 

True, in  case  of  poor  vacuum  is  necessaiy  a  thorough  insulation  of  the  current  carrying 
inlets  in  the  interior  of  the  discharge  tube  ,  otherwise  the  K,I,pulses  (contact  spark 
pulses)  are  acccntpanied  by  gas  discharge  outbursts  and  in  the  spectrum  appear  lines 
of  the  electrode  holder  material.  Self-induction  in  the  discharge  circuit  of  K.I,  may 
be  so  conveniently  small  and  consequently  when  working  in  open  air  in  this  source 
may  be  obtained  a  more  "rigid  *  condition  ,  than  in  the  low  voltage  spark  with  Ignition, 
where  the  m-i  n-imim  value  of  self-induction  is  principally  limited, 

K,I,  (contact  spark)  has  a  series  of  shortcomings!  a)it  can  operate  for  a  long 

•  Footnote  for  page  6,  In  strict  meaning  of  the  word  to  speak  about  the  temperature 
of  a  vacuum  arc  of  lew  power  is  impossiblo,  because  in  It,  apparently,is  absent  the 
thermal  equilibrium. 


—  o- 
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tliM  only  at  a  condition,  when  one  (or  both)  of  the  electrodes  carbon  or  graphite, 
discharge  between  metallic  electrodes  is  accompanied  by  their  rapid  destructioni 

b)  frequent  adjustment  of  electrodes  is  needed  to  maintain  contact  between  then  ; 

c)  during  the  operation  of  K,I,  in  the  metallic  electrode  is  formed  a  recess  (iraa 
decomposes  faster  than  other  metals),  this  leads  to  the  necessity  during  operation 
of  the  source  to  gradually  shift  the  point  of  contact  over  the  surface  of  the  metal 
electrode} that  is  why  the  discharge  tuba  made  by  us  ,  in  which  constant  contact  bo„ 

fween  the  electrodes  was  maintained  by  a  very  pliable  spring,  was  found  to  be  unsuit 
able  for  operation  with  iron  alleys;  d)  electric  power  diagram  of  K,I,  contains  a  mo^ 
chanical  switohj  the  contacts  of  which  do  also  gradually  decompose  under  the  effect 
of  electro-spark  treatment. To  prepare  contact  plates  wo  used  tantalum  or  tungsten. 

As  shown  by  experiments  with  the  use  of  a  pulsed  photometer,  the  light  pulse  of 
K,l,in  the  air  has  a  form^  typical  for  low  voltage  sparkssteep  rise, broad  maxiiTBm 
and  “exponential  •  drop.  The  duration  of  the  pulse  at  C  =  90u  t  and  L  »  ^  hezuries 
constituted  80  4^sec,  which  is  in  excellent  conformity  with  the  Tfctason  formula,  if  it 
is  assumed,  that  the  pulse  lasts  for  1/2  of  a  period.TJie  amount  of  luminous  energy 
forming  in  the  pulse  grows  with  the  rise  in  capacitor  capacitance  and  voltage,  to  which 
they  are  charged.lt  also  largely  depends  upon  the  form  of  electrode  tips  -  the  smaller 
the  magnitude  of  the  contact  area  of  the  cone  pointed  electrodes,  the  greater  is  the 
number,  stronger  the  sound  (when  working  in  open  air)  the  greater  are  the  dimensions  of 
the  flash;  In  fig,5  is  given  a  photo  of  electrode  tips  at  the  time  of  individual  pulse 
in  the  air  between  carbon  electrodes  at  V  =  220  v,  C  =  ^OOXlf,  L=  3i.hearies, 


K.I.spectrum  bears  a  plainly  expressed 
"  spark  natxire..  In  fig,6  is  shown  the  K,I, 

spectrum  between  carbon  electrodes  in  air  , 

. . . 

of  individual  pulse  in  air  taken  at  the  very  same  electrical  parameters 
between  carbon  electrodes,  ' 

given  by  K,I,  with  the  aid  of  the  ISP-22  quartz  spectro. 


given  by  K,I, 
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graph,  in  line  vita  spark  spectra  frcm  the  102  generator  in  rigid  condition  (l/=0) 
and  activated  arc. In  the  Tlaible  and  close  ultraviolet  zone  K.I, gives  a  much  srroager 
solid  background  than  a  condensed  spark.The  minimum  of  blackening  in  the  green  part 
of  the  spectrum  is  due  to  reduced  sensitivity  in  that  zone  of  Fanchrotao  photo  plates 
used  by  us,  A  series  of  experiments  was  made  on  the  use  of  K,I,  in  air  for  the 

excitation  of  spectra  of  difficultly  excitable  elements.  Their  chemical  ccxapounds  hayc 
■  been  introduced  into  channels  drilled  in  spectrally  pure  carborP  electrodes.  Those 
experiments  showed,  that  in  K,n^  are  well  excited  bromine  lines,  to  a  lesser  extent  - 
sulfur  and  phosphorus  lines.  Utilization  of  the  visible  zone  of  the  spectrum  for  analysis 
is  impossible  as  result  of  a  strong  solid  background. 

To  work  with  K,I,in  vacuum  was  used  a  discharge  tube, the  vertical  section  of  which 
is  shewn  in  fig,7,The  tube  was  made  of  brass  and  connected  to  the  spectrograph  with 
the  aid  of  a  "mushrocat-like"  vacuum  connection,  such  a  connection  was  used  for  the 
vacuum  inlet  of  upper  electrode  holder, This  holder  was  also  made  of  metal,  and  for 
electric  insulation  from  the  body  of  the  discharge  tube  its  side  surface  was  coated 
with  a  thick  layer  of  BF-2  glue.  Change  in  distance  between  electrodes  was  realized 
by  shifting  the  outer  end  of  the  upper  electrode  holder  in  vertical  direction,  Althou^ 
the  electrode  fastening  arrangement  allowed  to  use  water  of  air  cooling,  when  wbrking 
with  K.I,  at  a  frequency  of,>^60  pulses  per  min,such  cooling  was  not  required.  The  body 
of  the  tube  was  grounded, and  to  it  was  attached  a  cathode  made  of  the  investigated 
material,  in  the  role  of  anode  was  used  spectrally  pure  carbon.  Destruction  of  elec_ 
trodes  as  result  of  their  "electrospark  treating  •  takes  place  at  such  conditions  in 
a  considerably  lower  degree, than  in  case  of  their  opposite  polarity.  With  the  aid  of 
a  single  prism  fluorite  vacuum  spectrograph  SB-33  (model  of  this  instrument  is  de¬ 
scribed  in|37^t  w®  have  photographed  spectra  of  certain  metals^  excitable  with  K,l, 

In  the  role  of  photo  material  was  used  a  photo  film  sensitized  with  oil.  The  Job 

was  done  at  V  a  220  v,  L'SJ  3u.^®*^i®®J  “  500  j^f.  To  obtain  normal  blackenings  were 
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required  sereial  hundred  pulses.  In  fig,8  are  shown  speotrograma  obtained  under  sueh 


conditions!  copper,  aluminua  and  carbau 


-  S  ^ 

^  .f  *0 


FTI>-TT-62-1913/1+2 


10 


Spectra  of  iron  and  copper,  excited  in  K,I,  can  be  used  in  role  of  canparison 
spectral  the  wavelengths  of  spectral  line'  a  of  these  elaments  in  the  vacuum  zone 
have  been  measiured  with  high  accuracy ^8-40^,  An  effort  was  made  to  use  K.I,  for  puri 
poses  of  spectrally  analyzing  ferrous  alloys  for  sulfur  and  phoephorua,  JLa  is  known 
the  moat  sensitive  (resonance)  spectral  lines  of  these  elements  are  in  the  Schuminn 
zone.  To  excite  the  spectrum  of  sulfur*  the  latter  was  introduced  into  a  channel* 
drilled  in  the  cathode  made  of  spectrally  puure  carbonj  the  phosphorus  was  introdu¬ 
ced  into  the  cathode  in  form  of  ^2^5  compound.  In  fig»9  is  shown  the  sulfur  spectruja 
obtained  in  such  a  way,pihotograph8d  together  with  the  cast  iron  spectrum  on  the  SB-33 
spectrograph  at  the  following  mode  of  operation  of  K,I,  :C  »  V  =  220  v,  L  *» 

3  jj^hanries.  As  we  see  in  the  spectrum  of  cast  iron  are  no  sulfur  lines*  to  attain  their 
development  by  changing  the  parameters  of  the  K,I, discharge  contour  (increase  in  L) 
was  impossible  for  us.  Oie  same  thing  can  be  said  with  respect  to  phosphorus. 

Breaking  Condensed  Arc  in  Vacuum 

To  raise  the  temperature  of  vacuxim  arc  we  tried  to  pass  through  it  current  pulses 
using  for  that  a  battery  of  high  capacity  capacitors.  Such  a  source  should  differ 

by  intensive  inflow  of  electrode  substance  into  the  discharge  and  by  high  temperature  , 

% 

However  after  each  discharge  pulse  the  vacuum  arc  died  out.  This  very  same  effect  has 
been  observed  by  I.I.Levintov  ^4^  working  with  a  DC  arc  in  the  air, To  bypass  this 
impediment  the  capacitor  charge  was  used  in  combination  with  a  breaking  arc  in  vacuum. 
The  very  same  discharge  tube  was  used  as  in  the  job  with  the  contact  spark.  The  mush 
room-like  connection  of  the  upper  electrode  holder  allowed  to  roll  this  holder  rela¬ 
tive  to  the  vertical  axis.  This  movement.acccmpanied  by  approach  and  getting  away 
of  the  electrodes,  was  connected  with  the  operation  of  the  electric  switch  (K) 

(fig.lO)  so  that  at  the  moment  the  electrodes  made  contact  the  capacitors  were  charged,; 
and  during  the  separation  of  the  electrodes  the  vacuum  arc  became  ignited,  and 
\;hen  the  distance  between  same  reached  a  certain  definite  valuej,to  them  auto- 
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matically  connected  the  battery  of  capacltcsrs,  which  by  that  time  was  already  connected 
with  the  power  circuit,  Ihe  system  was  driven  by  one  collector  type  electric  motor 
(small  motor),  having  a  revolution  reductor,  !nie  oscillation  frequency  of  the  upper 
electrode  was  regulated  by  chai  ging  the  resistances  in  the  power  circuit  of  the  little 
motor  and  it  constituted  1  -  3  c.  To  feed  the  arc  and  charge  the  capacitors  was  used 
a  DC  current  with  a  voltage  of  220  v.  The  battery  of  capacitors  had  a  capacitance  of 
500  u,f.  Autoinduction  of  the  feeder  line  wires  in  the  discharge  circuit  was  about  3 

I 

henries.  In  fig,ll  is  shown  the  spectrum  of  breaking  condensed  arc  between  aluminum 
electrodes,  obtained  at  above  mentioned  conditions  with  the  aid  of  a  fluorite  spectre- 
graph  SB.33, 

K 

oil  I  I  '  I 

^  I  i  1.  !i  I  j  I  ;i  1 11 

Fig,10, Electric  diagram  of  breaking  con-  Fig,ll,Spectra  between  aluminum  electrodes! 
densed  spark  in  vacuxnn,  a-for  breaking  vacuum  arc}  b-for  breaking 

condensed  arc 

Along  side  (fig,ll,a)  is  given  the  spectrum  of  a  breaking  arc  between  the  very 
same  electrodes,  photographed  at  an  aVerage  current  of  3  amp.  Exposure  in  first  cas® 
was  50  pulses.  On  thejfirst  photo  are  visible  very  intensive  lines  of  ionized  aluminum 
A1  III,  while  they  are  almost  totally  absent  on  the  second.  Analogous  spectra  have 
been  obtained  with  electrodes  made  of  other  metals. 


Conclusions 

1,  Stable  vacuum  arc  can  be  obtained  at  relatively  low  currents  (.5”7  amp)  be- 
[ween  carbon  and  graphite  cathode;  and  anode  made  of  any  given  high  melting  metal  hy 
smoothly  separating  the  electrodes.  The  arc  burns  stably  at  a  snail  interelectrode 
interval  of  the  magiiitude  of  1  ram,  in  the’  vacuum  ultraviolet  zone  are  excited  almost 


exclusively  the  carbon  lines, 
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2,  Stable  vacuum  arc  at  currents  of  5*7  amp  between  the  carbon  cathode  and  metal¬ 
lic  anode  can  be  obtained  by  rapidly  separating  the  electrodes  to  a  distance  of  3*5 
ran,  provided  on  the  DC  current  is  applied  a  hig  frequency  hl^  voltage. 

3.  A  new  source  has  ccene  to  realizationj  contact  spark  -  low  voltage  spark  b«- 
l^en  two  weakly  contacted  electrodes,  one  of  which  is. a  carbon  one,  originating  dur¬ 
ing  the  discharge  of  a  high  capacitance  capacitor.  Contact  spark  can  work  in  the  air 
and  in  high  vacuum  as  well.  In  it  is  developing  a  temperature  ,  sufficient  to  excite 
spectra  of  repeatedly  ionized  atoms. 

4*  Ey  combining  breaking  vacuum  arc  with  capacitor  discharge  v;as  brought 
into  realization  a  source  of  vacuum  ultraviolet,  having  intensive  evaporation  of 


electrode  material  and  high  temperature  -  breaking  condensed  arc. 

In  conclusion  I  want  to  express  mj''  thanks  to  F.A.Korolev  for  cooperation  and 


assist,  given  to  me  in  preparing  this:  report. 
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